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Method and apparatus for acoustic detection of a fluid leak 
behind a casing of a borehole 

Technical field 

5 The invention relates to the field of acoustic investigation techniques used in wells. 
Background of the invention 

Acoustic investigation techniques are widely used as non-destructive tools to check 
the integrity of wells and their casing. As an example, noise logging has been used 
for almost 30 years to detect the location of gas leaks behind a casing of a well. 

10 Gas leaks behind casing generally occur when a gas-bearing zone has not been 
properly isolated during the well construction process. The lack of zonal isolation 
allows gas to flow from the gas-bearing zone to the surface or to another 
subterranean zone outside the casing. The gas leak may for example cause an 
uncontrolled accumulation of gas behind the casing or at the surface of the well, and 

1 5 lead to a hazardous situation such as the contamination of a water table surrounding 
the well or the creation of an explosive mixture of gas at the surface. 

Turning now to Fig. 1 , a schematic diagram illustrating a general principle of the 
logging operation in a well is shown. A tool or sonde 10, for acquiring noise data is 
located in a borehole 11 penetrating an earth formation 12. The borehole 11 is lined 

20 by a casing 13. The sonde 10 is lowered in the borehole 11 by a cable 14 and slowly 
raised by a surface equipment 15 over a sheave wheel 16 while noise data is 
recorded. A depth of the sonde 10 is measured using a depth gauge 17 which 
measures cable displacement. Noise data acquired by the sonde 10 may be 
analysed either in situ near the sonde 10, or analysed by a data processor 18 at the 

25 surface, or stored, for later analysis. 
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Refebte d^ecuon of the position of a leak in the borshola is cntica, in designing a 

: P p :: job •* - - «* — 0 , , he 

Many technic have been used «o detect a poslflon o, a fluid leak in a bonahole or 

One form of noise logging tool was proposed in the 197n-« =mH • „ ... 

detail in the following referenoes : " de80nbed m ° re 

- McKinley. R.M., Bower, P.M., and Rumble, R.C.: 'The Sfn.cU.re and 
interpretation of Noise From Flow Behind Cemented Casing, S pe 3999 
JPT, March 1973, P329, *>«=3999 t . 

" S^'^N " Fte ' h d R6SUte Fr ° m NOfee " L ° 9 ^ Technique,* 
&Kfc5088, JPT, November 1976, P1370, 

- McKinley, and R.M., Bower. F.M.: "Speeded Applications o, Noise 
Loggmg," SPE6784, JPT, March 1 9 7g, P1387, 

" 8^6552 T ,e0r> T d APP ' iCa,,0nS ° f *" BOreh ° le Audi ° Tracer Survey," 

Svml r * * 6 SWLA SeV9nteenth hogging 

Symposium, June g-12, ig76, Denver, Colorado, 

- Koemer Jr., H.B., and Carroll, J.c, "Use of me Noise Log as a Downhole 
Diagnostic Tool," SPE7774, presented a. the SPE Middle East Ofl 
Technical Conference, Bahrain, 25-29 March 1979. 

erage of these measu re d transmitted noise amp,«udes over a certain 
10 seconds for exampte. The coerce frequency resoluflon and the „me avowing 
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limit the application of this type of tool to relatively high leak rates where the noise 
generated is semi-continuous and significant compared to background noise. 



Summary of the invention 

5 In a first aspect the invention provides a method for acoustic detection of a leak 
behind a casing of a borehole. The leak generates a discrete acoustic signal. The 
method comprises sampling an acoustic amplitude during a recording time period at 
a determined position along the borehole, and defining time intervals inside of the 
recording time period. For each time interval the measured acoustic amplitudes are 
10 processed to obtain respectively a corresponding power-frequency spectrum. A 
plurality of the power-frequency spectra are analysed to identify the discrete acoustic 
signal by detecting time and frequency dependant changes of power. 

In a first preferred embodiment the processing is performed using a Fourier transform 
analysis. 

15 In a second preferred embodiment the time intervals are of same duration and 
subsequent time intervals are adjacent to each other in order to cover a continuous 
portion of the recording time period. 

In a third preferred embodiment the method comprises plotting the power-frequency 
spectra in a power-frequency-time plot graph, and identifying a surface of the power- 
20 frequency-time plot graph wherein a value of power corresponds to a predetermined 
value. The identified surface is analysed to detect the discrete acoustic signal. 

In a fourth preferred embodiment a duration of the recording time period is adapted to 
measure at least one discrete acoustic signal. 

In a fifth preferred embodiment the sampling is performed at one or a plurality of 
25 further determined positions along the borehole in order to investigate a section of 
the borehole covered by the determined and further determined positions. 
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corresponding to succe<«.\/« rv, D ^ * extended graph in an order 

5 z^jzzzr™ - samp,in9 ,s - * - «- * 

10 borehole is aiso .nvesttgaT^l J , T, Ration. T he portion of the 

ca 8ing to obte , a ^rj: r r r: - a ,eak * 

bo^e, and a repair process actlvated for repa ; n ;;; e ^ - ~* - «. 

In an eighth preferred embodiment the reoair nm^c 

— to ^ an openlng , and ^c p :^zz„ g perforaBn9 - 

mi»ed out from the casing. ' *" * ^ * an entire «*■»• 
Brief description of the drawings 

The invention will now be described in greater dotal! «*h , 

aooompanying drawings, in whloh: ' h referen0e to *• 

25 Figure 1 iiius.ra.es a schematic diagram of a iogging operation from prior art- 
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Figure 3 illustrates an example of a power-time-frequency plot according to the 
invention; 

Figure 4A illustrates two separate power-frequency spectra calculated at different 
times from acoustic amplitudes measured in a same period of recording time; 

5 Figure 4B contains an example of acoustic amplitude recordings from adjacent time 
intervals according to the invention; 

Figure 5 illustrates a further example of a power-time-frequency plot according to the 
invention; 

Figure 6 illustrates a second example embodiment for measuring and processing 
10 acoustic amplitudes according to the invention; 

Figure 7 illustrates an example of power-time-frequency plots presented as a function 
of depth according to the invention. 

Detailed description of example embodiments 

Same references will be used to reference the same elements in the Figures 
1 5 throughout the description. 

General overview 

Fig 2 provides an illustration of one example embodiment of the present invention. In 
this embodiment, passive noise recording is performed at a given depth in a borehole 
21 . A suitable noise detector 22 (hydrophone or geophone for example) is used to 
20 record Acoustic Amplitude (AA) for a given period of recording time 24. 

The acoustic amplitude is recorded during one or a plurality of periods of recording 
time that generally have a duration adapted to be able to capture at least one 
acoustic event generated by a leak. The duration of the period of recording time 24 
may for example have a value in a range from 10 to 30 seconds. The value may be 
25 decreased to 5 seconds or less for acoustic events that occur several times per 
second, and increased to several minutes for acoustic events that occur two or three 
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5 analysed , sNu nearthe nofee ^ J^ST « ^ ^ 

transform a„ aly sis is performed over SCZZ £ 7 ^ ^ 

' °f Power-frequency spectra 261. " flme lnterval 26 - Provrding a plurality 

The acoustic amplitude is measured using a samnlino ^ „ T „ 
comprises acquiring measurements a, a * TadalTot 
- T cy range. As an example, «. 

m order to a,.ow me full audible frequency range ,o be analysed * 

corresponding to me measured samples ove HuTtl^ ™ d ™™*<* — 
dura«on of trie a^usric even, .a, wild be glra^ a ,^ ^ 8 ^ 
A particularly useful acquisition rate i<? aa h-i^ tu- 

audible frequency range »0 H z Hot' T*" "* * e «** 

fransformsoverLor^s nZZeJT ^ "* emb0din,ent ^ our ' er 

*apprex1ma t e,y2 5 msor^~ 

The power-frequency spectra 261 are analysed to deted time »„h r 
dependant changes of power. and freaue noy 

le P p^27T b0 h dimen, • ^ re8U ' t,n9 ^ ^ be "'^ in a Power-frdquency- 
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power may for example be indicated in the plot 27 using colour. Any other method for 
characterizing a surface may be used instead as appropriate: various grayscales may 
be used to represent respective associated values of power density, for example a 
dark grey may represent a high value while a lighter grey would indicate a lower 
5 value. In a similar manner shading of surfaces, or filling with patterns etc... may be 
used to obtain a representation of different values as appropriate. Returning to the 
discussed example, a plurality of colours may indicate a plurality of power density 
values. 

On the power-frequency-time plot 27 of Fig 2, hatched surfaces 28 and 29 are used 
10 to represent 2 power density values instead of 2 colours, in view of the black and 
white nature of the plot. 

Power-frequency-time plot 

An example of a power-frequency-time plot is shown in Fig 3. Hatched surfaces 
represent power densities having a value exceeding a determined threshold value, 
1 5 similar as in the power-frequency-time plot 27 of Fig 2. 

The abscissa shows the time in seconds. 

In this example the acoustic amplitude of the noise was recorded during a period of 
20 seconds at an acquisition rate of 44 kHz. Fourier transform is performed for 1024 
subsequent measured samples, i.e. for measurements recorded in a time interval of 
20 approximately 25 ms. 

The ordinate indicates frequency in kHz, from 0 to 1 1 kHz. 

The values of the power density may for example be in dB, normalized to an arbitrary 
value. 

The example from Fig 3 is obtained using an experimental set-up as follows: a gas is 
25 bubbled into a large container of water from an outlet sized approximately 12 mm in 
diameter. The bubbles produced are approximately 15 mm in diameter and 
generated at a rate of approximately 3 bubbles every 2 seconds. A suitable noise 
detector containing a piezoelectric noise transducer and electronics is placed into the 
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ITJI ° f ; t PProX,mate,y 20 0,1 ^ - ■»**■ Hatched 

:i :ir:r: ° power densNy peaks - *~ — » 

^of ana lysing power-frequency spectra for a p,u ra ,Hy of subsequent Hme 

Fig 4A contains power-frequency spectra that illustrate an advantage of pedbrmino 
Founer transform analysis over measured « m ni*« Performing 
„. ... . , ' er me asured samples corresponding to subseauent 

short hme intervals in a continuous period of racorting time. ^ 
A^power-fraguency specfrum 41 ^presented using a sofid iine) and a second 

ZZ^r " 42 (rePre8ented US,n9 3 d0tted ~ *»» *eTra 
™ I " 9eTOra,ed USln9 ana * sfe °" -^sured sampled 

covenng the acousflc event 32 shown in Fig 3. The acoustic event 32 occurs 
approximately at a time t = 2 s. 0Urs 

Referring to Fig 4B, Acoustic Ampiitude measuremems for the acoustic event 32 of 

222 SCh r iCa " y " ,S Undere,0 ° d A ~ Amp iZ Juet 

illustrated ,n th,s example have been chosen arbitrarily and may not exa^v 

Z7ZT 40 T *— « - «• Each o, me fira split 

and me second spectrum 42 is obtained from measurament samp.es recorded durina 
hme mtervals 43 and 44. Each of me time intervals 43 and 44 has 
approximate, 25 ms and comprises ,024 measurement sampies. ££££ 
hme in.e.a.s used to obtain the first specfrum 41 and toe second specfrum 42 ara o, 
substenhally the same length and are adjacent 

The first spectrum 41 shows an overall noisy appearance but does not reveal anv 
outstanding power peak. The firs, spectrum 41 fails to capture the accusant 32 

On the other hand, the second spectrum 42 shows a high power densKy peak iocated 
,n the frequency range beiow 2 kHz corresponding to the acousflc even, 32 HentJ 
appears .mportan, to use a pfcraflty of subsequent flme intend from a consul 
penod o, racording flme, aiiowing to scan toe period of recording flme. In 2 to 
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enable the detection of a discrete acoustic event occurring during the period of 
recording time. 

Averaging effect 

In case a Fourier transform analysis is performed over measurement samples taken 
5 during a relatively long time interval, e.g. a set of 4096 samples, which corresponds, 
at an acquisition rate of 44 kHz, to a duration substantially equal to 100 ms, high 
amplitude samples corresponding to the acoustic event would have a smaller relative 
weight. As a consequence, the high amplitude acoustic event may not be detected so 
easily on a power-frequency spectrum calculated over samples corresponding to a 
10 relatively long time interval. Performing Fourier transforms on measured samples 
corresponding to a relatively long time interval may suffer an excessive averaging 
effect. 

Effect of varying a duration of the recording time period 

Fig 5 contains a first power-frequency-time plot in part A and a second power- 
1 5 frequency-time plot in part B. 

A laboratory recording of gas bubbling into water is performed using a similar 
experimental set-up as described hereinabove In relation to measurements shown in 
Fig 3, except that the bubble rate is lower: approximately one bubble every four 
seconds. 

20 The first power-frequency-time plot in part A results from a recording time period of 
approximately 3 s recorded between instants t1 = 2 s and t2 = 5 s. There is no power 
density value exceeding the threshold value and hence no high amplitude acoustic 
signal visible over this time period. 

The second power-frequency-time plot in part B results from a recording time period 
25 of approximately 16 s recorded between instants to ■ 0 s and t3 = 16 s. A plurality of 
approximately regularly spaced (in time) hatched surfaces 51 representing power 
density values that exceed the threshold value appear at approximately 2, 6, 10 and 
14 seconds. The hatched surfaces 51 indicate a plurality of discrete acoustic events. 
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The deference between tee firs, power-frequency-fime p to . and the second power- 
frequency „me pfot Urates that it is necessary to adapt the duratton c tee 

aTete d , * * "* bUbWe fl0Wi " 9 ^ «» »« ° u «* 

have tee derate acoustic eventfrom the bubble inside the recording time period. 

Investigation of an extended borehole length 

Fig 6 contains an iiiustration of another exampie embodiment of the present invention 

:~rr ended boreho,e ^ — ° * • — . s 

a^rnt r 1119 dePth ! ~ ' ndi0a,i0nS °' P " - A Person 

staled ,n the art may well understand that an extended borehole lenoth 

contending to a section iying baleen determined posifio™ Z d 2 

necessaniy correspond to depths may be investigated in a simL manned 

depths D,. D*.., D „ of a borehole 61. using a movable noise detector 62. 

A spacing between h»o adjacent recording depths, e.g. between D, and D, may have 
an influence on the following parameters: V 

- a reduction of the spacing may result in an overall increased time required to 
mvestrgate a given section since the number of passive ratings is also ZaTed 

- an increase of the spacing may in some cases result In failing to detect aeons,,-, 
generating locations tea, are ,00 distent frem tee noise detector 62. 

The noise detector 62, e.g. a hydrophone or a geophone. is used to record acoustic 
amphtude downhole for each depth D„ D,.., D„ respectively for a given peZtf 
recording time 64. Information frem tee measured Acoustic Lp,«udes Z <o a 
surface system 65 for acquisition and analysis. In other examples o, embodiments 
he recorded informal may be processed and anaiysed in site near tee n^e 
detector 62, or stored for further analysis. 
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In a similar way as described for measurements made in the system from Fig 2, time 
intervals 66 are defined inside of the period of recording time 64. For each time 
interval 66 the Acoustic Amplitudes are processed to obtain a corresponding power- 
frequency spectrum (not shown in Fig 6), using for example Fourier transform 
5 analysis. 

Hence a plurality of power-frequency spectra is provided for each period of recording 
time 64, i.e. for each recording depth D 1f D 2 ..., D n . 

The parameters such as for example the duration of the period of recording time 64, 
the acquisition rate, and the number of measured samples over which the Fourier 
10 transform is performed may be adjusted as discussed in relation to measurements 
discussed with Figs 2-5. 

The power-frequency spectra are analysed to detect time and frequency dependant 
changes of power characteristic of discrete acoustic events. In the illustrated 
example, the power frequency data for each depth Di, D 2 ... ( D n may respectively be 
1 5 plotted in a power-frequency-time plot PFT for the depth D|. 

The power-frequency-time plots PFTi PFT n may be graphically assembled in an 

extended plot, by juxtaposing the plots one after the other for easier analysis as a 
function of the depth as shown in Fig 7. 

The example shown in Fig 7 is the result of acoustic recordings performed at various 
20 relative depths, i.e. at 10, 20, 23, 24, 25, 26, 27 and 30 m. These values do not 
necessarily represent the actual depth as measured from the surface. These values 
are indicators of distance relative to a determined depth and measured along the 
section of the borehole. At each depth, Acoustic Amplitude is recorded during a 
period of recording time of 20 seconds at an acquisition rate of 44 kHz. 

25 For each depth a power-frequency-time plot is generated. A part of each power- 
frequency-time plot corresponding to a duration of 4 s is presented graphically as a 
function of depth. In this example, the 4 s part of the plot corresponding to 
measurements made between instants TB = 0 s and TE = 4 s of the respective 
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■ centoad a, va ,ues of approxlmat :° y £ » ^ ™ 3 fluency ranges 
exceed the th re8 ho,d value, Micattng Z^tZ^Z^Z 

mcreasrng hatched surfaca appaaring on tha contending plot An attenuatio^f 

compared to the 25 m plot aisappear aa 

The overan plot format provides a conven.ant maana to identify the location of 

Snir IT ^ * ™ * — * a 

•n a preferred embodiment the acoustic recordings a re performed wHh the too, 
statonary a, various places in the borahole. This allows to reduce noisT^J £ dte 
purely to the movement of the tool in the borehole. 

The inventive method for acoustic defection of a leak may be combined with another 
comment used logging method to assess toe Integrity o, the borehole n Z^r 
example be combined with ultmaonic togging. The resuLs obtained using the aZat 
dafecbon of a leak and toe other method, e.g. the ultasonic togging mefood Tayt 

zz: and to — - — - - * • 

The identification of a leak behind a casing may be followed by repair of toe leak In 
one example of such a rspair, a repairing too, ,s posted ,„ proLJT^t e 
source. Eve„ ,,me a ,eak ,s ,den,.ed, the repair too, perforates t he ca ,n to obi to 
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an opening and subsequently squeezes in a repair fluid in the opening. The repair 
fluid may for example be micro-cement, resin or other. In another example 
embodiment, the repair tool may mill out the casing around the identified leak, and 
subsequently place a plug of sealing fluid to cover at least the entire volume milled 
5 out across from one formation wall to another. 

While the invention has been described with respect to a limited number of 
embodiments, a person skilled in the art, having benefit of this disclosure, will 
appreciate that other embodiments can be devised which do not depart from the 
scope of the invention as disclosed herein. Accordingly, the scope of the invention 
10 should be limited only by the attached claims. 
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Claims 



A method for acoustic detection of a leak behind a casing (23) of a borehole, 
the leak generating a discrete acoustic signal, the method comprising 

- sampling an acoustic amplitude (AA) during a recording time period (24 ; 
64) at a determined position along the borehole, 

- defining time intervals (26 ; 66) inside of the recording time period (24), 

- processing for each time interval (26) the measured acoustic amplitudes to 
obtain respectively a corresponding power-frequency spectrum (261), 

- analysing a plurality of the power-frequency spectra to identify the discrete 
acoustic signal by detecting time and frequency dependant changes of 
power. 

The method of claim 1 , wherein the processing is performed using a Fourier 
transform analysis 

The method according to any one of claims 1 or 2, wherein the time intervals 
are of same duration and subsequent time intervals are adjacent to each other 
in order to cover a continuous portion of the recording time period. 

The method according to anyone of claims 2 to 3, further comprising 

- plotting the power-frequency spectra in a power-frequency-time plot graph 
(27 ; PFT1, PFT2, PFTn), 

- identifying a surface (28, 29 ; 31 ; 51) of the power-frequency-time plot 
graph wherein a value of power corresponds to a predetermined value, 

- analysing the identified surface to detect the discrete acoustic signal. 

The method according to any one of claims 1 to 4, wherein a duration of the 
recording time period is adapted to measure at least one discrete acoustic 
signal. 
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performed a, one or a plura% of ^ » 

borehole ,„ omer «o invests a sec«on of the borehole covered by toe 
determined and further determined positions. 

7. The method according to claim 4. wherein the sampling ie penned at one or 

Le 7 ? " detem,in8d P ° Siti0nS ^ - «*r * 

T 9 t 3 Se0,i ° n °' thS b ° reh0te «— * <"* determined and further 

fll " ' ^ P ° W9r - piote resuldng 

from «,e measured acoustio amplKudes are aligned into an extended graph ,n 

a L h sloT? 9 to sucoessh ' 9 POSWons * the boreho,e - *° ~ 

zrZhor ency and ,ime dependant — — - — 

8. The method according to any one of Calms 1 to 7, wherein the sampling is 
done at an acquisition rate between 30 kHz and 50 kHz. 

9. A method for detection of a leak behind a casing of a borehole, comprising 

- investigating a portion of the borehole using a first investigation method 
to obtain a first result of investigation, 

- investigating the portion of the borehole using a method according to 
anyone of claims 1 to 8 to obtain a second result of investigation 

- comparing the first result of investigation with the second result of 
.nvestigation to identify a correlation between the first result and the 
second result. 

10. A method for repairing a leak behind a casing of a borehole, comprising 

- Detecting the leak using a method acting to anyone of claims 1 to 9 

- Acuvabng a repair process for repairing the leak 
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11. The method for repairing a leak according to claim 10, wherein the repair 
process comprises perforating the casing to obtain an opening and squeezing 
a repair fluid in the opening. 

12. The method for repairing a leak according to claim 10, wherein the repair 
process comprises milling out the casing around the leak and placing a plug of 
sealing fluid to cover at least an entire volume milled out from the casing. 
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Abstract 



Method and apparatus for acoustic detection of a fluid leak 
behind a casing of a borehole 

An acoustic detection of a discrete acoustic signal allows to detect a leak behind a 
5 casing (23) of a borehole. An acoustic amplitude (AA) is sampled during a recording 
time period (24 ; 64) at a determined position along the tube. Time intervals (26 ; 66) 
are defined inside of the recording time period (24), and for each time interval (26) 
the measured acoustic amplitudes are processed to obtain respectively a 
corresponding power-frequency spectrum (261). A plurality of the power-frequency 
10 spectra are analysed to identify the discrete acoustic signal by detecting time and 
frequency dependant changes of power. Preferably the processing involves a Fourier 
transform analysis. A power-frequency time plot is used to conveniently identify the 
discrete acoustic event. 
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